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ABSTRACT , ' . . / 

This document is an instructional module package 
prepared in objective form for use by an instructor familiar with the 
application of, hydraulic principles for operation and maintenance, of * 
water supply - systea^s, water distribution syistems, wastewater 
treatment system's and w^astewater coliectiouNv systems.* Included are" 
Q^bjectives, instructor guides, student handolnts and transparency 
masters. This is the first level of a t^o mcoNile series. The module . 
is conc6rnecl with the study of f],uid • properties and their units, the 
•continuity .equation and i.ts use in calculation!?, flow Measuring' 
devices, fractional head loss in open channels and'iir- pipes by the 
Chezy- panning method and ^by tJre Hazen-Hillia,ms method, and hydraulics 
of sewers flowing fall and ^partialjLy full. (Author/RH) \' ^ 



* ' Reproductions. "supplied by EDES are the best that can *be made * 

* ' ^ ' from the origiiiai document. . - - * 
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Module No: , 


• Module Title: ' t 

' ' , I * 




Hydraulics for Operators' 1 

— ^ ^ . 




♦Submodule TitJ^:' , • • ' , / 


'^Approx. Tiine \ 


•. ■ ' ' ' ^ 


nours 


Topic: Tl^^Ar^ n^-!r,^-.-n1^e of >,^';i^=.„1 -t f\.^ir- =.nT>H H or, 

.basic principles oi, nydraulics and tneir application 
to water and Wastewater systems operation. » 


• ? • 

Instructional Objective: 


XO gain' familiarity with common f]^uid properties and their units and 
gai6 the ability to use them in hydraulics calculations; to gain familiarity 
witlji^bommon flow mea''suring devices for open channel flow and for pressure 
flow in pipes; to gain familiarity with the continuity equation and frictional 
head lo3s relationships, as well as the ability to apply them to flow through 
pipes" and^^ opeiKphannels in general and tq^^f low through sewers and- pressure * 
water distribution systems in particular. 


4 

( 


/ 


9 

\ 




•5. 


' , * , y 


Instructional Aid's: 




# 


See Next Sheet 


* o ♦ 

— — ' ^.X r 


■ ^ — ^ ■ 



Instructional 'Approach: 



Lecture, Discussion, Problem Session 

*» if * * 

it 




References: 



See Next Sheet' 



— ? — 



Class Assignment"^: * . ' , • ^ "» ^ ' : 

Completion of .practice' probl^pas which aren't finished in class* • 



Instructional Aids ; ' 

Handouts No. A. 1^1, A. 2.1, A/2.2, A.3.i; 'A.3-2. . A-jA.I ' ' " 

B.l.l, B:2.i, B!«^2, . ' * , 

. C. 1-1, C. 2.1, CA\, G.5-ll~ C.5;5v C.6.1\ ' ^ * 

D.1.1,- D.1.2; D.2c^, D-2.2', B.iil^ - D.3.4, P.4.1 - D^4.3*, 
^ . , D.5.1 - D.5.3, D.6-1, D.6.2, D.7:I, D.7.2 

• ^ - > * E.l.i, E.2.1 ~ E.2.3, E-3.1 - E.3.3 * 

/ . ♦ ' 

Transparencies Nou A^l.l, A. 2.1, A.4.1,. B.2.1, C.1.1, C.3.1 

\ 1 . 

References: ' \ . . • 

1) Chow, V.T., Open-Channel Hydraulics , McGraw-4Iill Book Co., New York, N.Y 
1959. " ' ^ , 

1) Clark, J.W: , Viessman, W., Jr., & Hammer , '^M. J. , Wabsy: Supply and 
Pollution Control ; 3rd Edition, -lEP; New York,.N.Yy 1977. 

3) Fair, G.M. , Geye^r-, J..C*. , & Okun, D.A. , Water and Wastewater Engineering , 
Vol, I. Watef Supply and Wastewater Removal , Wiley, New York^ N.Y,, 1966 

4) John, J.*E.A. and Haberman, W. , Introduction to Fluid Mechanics , 
Prentice Hall,, Englewood Cliff s,'^N.J. , 1971; 

5) Murdock, J.W., Fluid MecHanics and Itg Applications , Houghton, MiffliQ, 
Boston., MA. , 1976 • 

6) National Clay Pipe Institute^, Clay Pipe Engineering Manual National , 
''Clay Pipe Institute, Atlanta, GA. , 1968. • * - 

7) Simon, A.t. , Practical Hydraulics > Wiley, New York, ^.Y., 1976.' ' 

8) \jSpink, L.K., Principles and Practice of Flow Meter Engineering , ' 

Edition, Foxboro Co., Foxboro, 'MA. , "1958. . , ' 

9) Texas Water Utilities Association, Manual of Wastewater ..Operations , , 
4th Edition, Lancaster Press, Lancaster, PA., 1971. 
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ERiC^ 



t Module No: 



UG 



Approx* Tiine ^ 
, 45 minutes 



Module Title: 

, Hydraulics for Operators 



: % 



Submodule Title: 

, ^ Fluid Properties 



Topic: 

Definitions and Units 



Instructional Objective: ' I • 

To be able to define pressure, ^ffensity, specific weight, specific gravity 
and viscosity^ and give common units used for eaoh; and to be able to state 
Pascal^ s Principle. / * ' " • 




Instmctional Aids: 

Transparency No* A.l*l 
, ' Handout No. A. 1.1 



Instructional Approach:* 

Lecture-discussion 



References: 



1) Murdo'ck, pages 5-7, 20-26, 34-46 

2) First or second chapter of almost:. any fluid mSchaixic^ textbobkr 



Cl-ass A.ssignme?nts: 
/ ' . None 



V r 



5 



Page H- S:l . 



"T" ■*»Hpdule No; 



.I2JG. 



Topic:' 



Definitions and Units 



^Instruc;for Notes: 



Handout No, 
Fluid Properties 



; TransVareDCy No, A. 1.1 
Fluid Properties 



/ 



i 



• ERIC 



l^nstructor Outlirte: 



I. * Pass out Handout No, A,l,l and mention ti)at it 
will n^w be discussed < * • 

II, \ Briefly discuss' each f luiS^pfoperty, its 

leaning and its units, using the transparency 
to "foc^is attention during the discussion, 

AdditJbnal Notes: ^ ^' 

V ■ V ■ • 

1) It may be pointed <out that, density and ^' 
specific weight can be used interchangeably ^ 
with the English unitsy^lb/ft , eyen tl)ough there 
is a- difference in mining for oiass^and weight. 
The difference betwe^en mass and .weight may or 

may not be discussed qualitively at this point 
as suits tlie individual instructor, 

2) It may be pointed out that. other reference, 
fluids besides water are sometimes used for 
'specific gravity*,v^ . " * ' • " 

1 3) , As a common example to clari^ the 'meaning 
of viscosity, briefly discuss Sae numbers for 
motor, oil'. Higher Sae mambers indicate higher 
viscosity *and also indicate ' oils which do not 
pour or flow a§ readily, . ' . 

4) Meanings, interpretations and significance 
can be expanded u^pn in tthe discussion vto 
suit th^ particular ^instructor and cTass,. * . 



'0^ 



> 



rage 5" 



Module No: 
I2JG . 



Approx* Tirfe 



/I hour- 



\ 



Module Title: 



"Hydraulics ^or Operators* , 



Submodule Titlet^ ' 

Fluid Properties 



Topic: 



Pressure- Unit Conve^irsions 



Instructipnal. Objective: ^ 

» " * ■ • ^- « 

To be able to' convert a pressure given in any of the following units- to 
any of the otherirfollowing units if given* an appropriate set of conversion 
factors: psi, in. of mercury r psf, atmospheres, Pascals. 



\ 



Instructional Aids: 



Handouts No. A. 2.1, A. 2. 2 
Transparency No. A. 2.1 



( . 



Instructional Approach: 

Discussion and P^roblem Session 



Ref erences : 



Class A-ssjlgnments: ♦ , • » ^ - / 

My practice problems .on Handout No. A. 2. 2, which were not cotDplete^ 
^ \ . ►in' class - \ ^ ' • . . • 

ERIC • ' 7 , ■ 
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Module No: 

• .12: 



Topic: 



Pressure Unit Conversions 



Instructor Not^s: 



Instructor Outline 



7^ 



Handout No,. A. 211 
.Conversion factcors 

Transparency No. \a.2,1 
Example Problem 



II, 



Handout .No. A. 2. 2* 
Practice Problems ~\ 1 v 



J 



er|c , ■ . 



|«5 ' 



III. 



Pass out Handout No» A. 21-1 



3^a 



Go through sample calculations -on t-ransparency 
No.*A»2.1, pointing 6ut how the conversi^)n 
factors on Handout No. A. 211 are used. 
Draw Attention to the fact that .units in the 
right hand column' can. be converted to units 
in the left hand column by dividing by the 
conversion factor instead of multiplying. 

Allow stuQent^s 'to work ^n* practice problems pn 
jHandout No. A. 2.2. 



8 
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"age 7 of S2 



Modwi6 No: 



12JG 



ApRrox. Tirae 
1 hour 



Module Title: ^ 

Hydraulics far Operators 



Submodule Title: 

Fluid Properties 



Topic: • . ' 

Gauge and Abs'olute Pressure 



Instruct jLonal Objective: • , • • 

• - \ • ' * ' 

To be a*ble to convert gauge pressure to absolute* pressure-*anc} al^solute * 

pressure to gauge pressure, at the earths surface, for any t)f the fo.llowing 

units, if given pressure conversion factors:, p^i, in, ofi mercury, psf, 

atmospheres, Pascals. ' . * - . . . - ' 



Instruction&l-^Ai3s : 



Handouts No. A.3.I., A. 3.2 



Instructional Approach: 

Discussion and Problem Session 




References: 

Murdock, J. W.;^ pages 6~7 



Clasii' Assignments: ^ • . , ' . 

Any practice-^problems on Handout No. A. 3. 2 which are not' completed in 



class. 
I 
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Module Ko: 

.'I2JG 



Topic: 



Gauge and Absolute 'Pressure 



Instructor Note.s: 



1^ 



Instructor Outline; 



Handout No. A. 3.1 
Ga^ge and Absolute ^ 
Pressure 



Handout No. A. 3. 2 

Practice Problems-2 
♦ / 



ERIC 



, I. Discufes gauge pressure and ab^solute pressure 
guided by 'the handout. M^'ke sure that, the 
class* iindefstands the relatipnsliip among 
gauge pr-«s^ure, absolute pressure and 
atmp^pheric presstjre, . ^ - ' - 

II. Allow stifdents to work -on practicTe problems on 
, Handout No. A. 3. 2 



/ 
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^age 9 of S2' 



l^d\il& No 



12JG 



Approx* Time ^ 
45 minutes ^ 



Module Title: 



Hydraulics for Operators 



Submodule Titl,e: 

^Properties 



\ 



Topic: 



S^cific Gravity ^ 



Instructioaal Objective: * » ^- * 

To be able^to calculate th^ density of a fluid and its. specif ic 
weight yif given its specific gravity ♦ • . ^ 



InstTuctional Aids': 



-Transparency N5* A»4.1^ 
Handout No. A* 4.1 



Instructional Approach: 



Discussion ^and Problem Session 



References: 



Murdock^ J.W. pp 24-26 



Class Assignments: . • t 

Any problems on Handout, A. 4.1^ vhich 'weren't completed in class 
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• Module No: i2JG 


^ Topic: ^ Specific Gravity * ' 


Instructor Note§:^ . * 


-J 

Instructor Outlined ^ " 


" 1 ....^ * ■. \- 

Transpar^ai:^^o. A. 4.1 
Specific Gravity 

handout No. A. 4.1 \ 


I* Review the meaning of specific gravity and-oafe 

cuss calculat^ions of density or specific weight 
' 'fbr a'f^uid of given specific 'gravity 1 

' " • , \ ..4' 

• II. Allow students t.o work practice problems- on 



Practice Problems - 3L 
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^ . 

>loduie Nq: 


Module Title: ^ » 


• 




I2JG , ' 


i . Hydraulics for Operators ♦ 




o 

' 




Submodule Title: 




A 


Approx* Time 
30 minutes 

* 


The Continuity EquatjLon % \ 


• 




ITopic: — ^ - • 
. ; Cpnservatioa of 24ass 






* 


' • if. ' '^ ' • 4 ' ' 
• 







Instructional Objective: ' ' 



, 'To be able to. state in' words the steady flow f onff ^nd unsteady state form 
,of the* continuity equation for a flow system. ' > *. ^ 



Instructional Aids: 

Handout No- B^.l,,i 



Insttuctional^Approach : 

Lecture - discussion 



References •* 

. Murdock, J.W , pp. 112-115 



Class Assignments: ^ 



None ' 



Module No: I2J<3 



Page i2_ of £2 ; " 

_ -_4J 



Instructor Notes t 



Topic: Conservation of Mass 



Instructor Outline: 



—. — — : — 

DiscusB the general continuity equation and steady 
state continuity equation and their^ relationship 
to the principle of "conservation of^mass as out- 
lined on the handout % 



Handout No. B.1.1 
Conservation- of Mass. 



erIc) 



/ 



/. 
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. Mediae Title: 

^ Hydraulics for Operator^ 



rage r3 oi S2 



Module No: 
I2JG " 



Approx. Jirae 
1 hour 



Submodule Titl^: ^i^^ 

The Cdntin^ifty Equation 



Topic: 



yelOfcity/ and Volumetric ;Tlow Rate 



Ins^tructxcnal Objective: 



For a known cross sectional area -of flow, A, to be jable to "calculate either 
average velocity V, or volumetric ^low rate, Q,' if given a value for the o1:her 
ypne. In these calculations the student is to be responsible, for ^converting : 
V,Q, atid/x)r- A Jto appropriate ^nits if- necessary. ^ 



/ 



Instructional Aids: 



Transpaixency No. B.2.1 
andouts No. B.2.1 , B.2.2 , A. 2.1 



Instructi^al Approach:, 

Dis^cussion and Problem, Session 



jjjj^Refere^^ces: , > * • ♦ 

,/ Texas Wafer Utilities Asd'n; pp. 135-136 



Clas.s Assignments: • • • ^ . 

• Complete practice problems on Ean'dout llo. B.2.2 if not finisned^ln class. 



Pa^e 7*f, of SI 



Module No: I2JG 



Topic: \ Veloctity and Volumetric •Flow Rate 



Instructor Notes: 



Instructor Outline: 



ERiC 



Handout -No.. B/211 
Velocity and Flow Rate ^ 

Transparency Np • B • 2 , 1 
Velocity and Flow Rate 



'Handout IJo. B,2,2 
Practice Problems - -4 

Handout No, A,2vl 
Conversion Factors - 



I, Discuss volumetric flow rate and average veloctity 
as measures of flow, rate and their relationship % * 
to each other , using ttie handout and' transpareacy. 



II. Allow, students to work on practice problems^on 
> Handout No. B..2.2 Conversion factors from 
Handout A.2.,1 will be necessary. 



- \ 



Module No: 
. I2JG 



Approx. Tiyie 



1 houi: 



^^ge-lS^ of S2 



Module Titles 



Hydraulics fo'r Op^erators 



Submodule- Title: • ' 

'\ . The Continuity Equation 



Topic: 



T 



Mass Flow R^te and Volumetric Fl!bw Rate 



Instructional^ Objective: • ^ . 

* m 

- For a flow oi watei^ or wastewater, to be able to calculate mass flow 
^in, or volumetric flow rate,'.Q, if giv^n a^^value f6r the other -one, wheref'm 
be.dUni >6b/min,"^^^6b/^ec, or >6b/hr and Q could be in cfs, gpm, or >1GD^ 



rate, 
could 



Instructional. Aid§^ 



Transparency No . B . 2 . 1 
Handout No. B.3.1 



instructional Approach: 



/ 



- Discussion and Problemi^ Session ^« J 



References: 



'-^urdock, J.W. p. 112 



Class Assignments': 



^Complete practice problems on Ha»^out Ncf.- B..3.t if not finished in class., . 



tfijdul? No: 12JG 



ToiJic: Mass Flow Rate' and Volumetric Flow '^^ate 



] 



Instructor Notes: 



Instructor Outline: 



Transparency No. B.2*l 
.Velocity and Tlow Rate 

Hdndout J^o,. B.3.1 
Mas^. Flow Rate 



r r 



\ 



II. 



Di^scuss jnass flow rate and its relationship to 
volumetric flow rate and ^average^ veloeiHiy^ using 
the- second part of the transparency and the 
first part of the handput. - < 




Allow the- students to wprk out the practice 
problems on the handout • 



:18 



\j • rage . of £2 



h^odule No: 12 JG 



,Approx. Tiine 
45^ minutes 



Module Title: Hydraulics fot Operators 



Submodule Title: 



Flow Measurement 



Topic: 



Velocity by Timing Floart Travel ^ 



-Instructional -Objective; \ ^ . I , 

^ ^^ \ ' I . V . ^ 

, To be able to calculate the volumetric flow, rate of wajierror j^astewater in an 

open channel, or sewer if given tjie time required fpr a float or^e to travel a ' 

specified distance and sufficient information to*allow calculation of the cross- 

sectional area of flow. 



^1 



InStruction^al Aids: ' 

Transparency No. Cl.l 
.-Handout No. C.L.1 



^Instructional Approach: 

Discussion and Problem Session 



References: 



Texas Water Utilities Ass'n, ' pp 135-136 



0 

ERIC 



' CI asj> .Assignment s:>< * 

Comple.fe any practice problems npt finished in class. 
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Module No: 


Topic: 


. Velocity by Timing Float Travel < 

* * 




Instructor Notes: 


' Instructor Outline: , ^ 


. .» ♦ 



Transparency No* C.1.1 
Velocity Measurement f 



Haiidout No. ''C. 1.1 
Practice ProbliBjns; 5 ^ 



I.^^;Siscuss the method of measuring velocity and thus*, 
^ow rate by timing a flpat's travel ,*"^as outlined 
^on *the transparency. ^ > 

' ' • ' 

11^. Allow students to work oit- problems on Handout ' . 
•No, ^C.1.1 ^* - . — - V 
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Module No? 
' I2JG* 



Approx* Time 
45^.miriutes 



Module title: 
HydraiX^ic^ for Operators 



Submodule Title: , 
Flow Measurei^ent 



Topic: 

Shaftrp-Crested Weir« GeXDmetry 



\^ Ins txu^tli^nal- Objective: . ' . — 

To be able to describe rectangular and V~notch welips and their uses and to 
be- able to' \ist precautions which should be observed in their setup and use. 



1 



Instructional Aids: 

•Handout No.. C. 2.1 



'Instructional Approach; 
Discussion 



...References: , ' ' 

J \y .Texas Water Utilities Ass'n, pp 136-lAi 
2) . Spink, L.K. pp. 263-272 



CliJS.s Assignments: 
None 



2J 



Page 



m 0 * 



Module No: 
* t2JG 



• T-apic: ■ • ^^.^4-^ 

Sharp-Crested -Weir GeOmetVy\ 



Instructor Notes: 



Handout No. 
Sharp-Crested Weirs 



ERlc; 



4^ 



* Instructor Outline:' 



. ' Discuss rectangular and, V-notch wffi?-s, '^eir 
uses and .precautions ' in their Aise as outlined on 
the handout. ^ ' - 



)2 



2 
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Module lioi' 
12JG 

t 


1- , i 

Module Title: • * ' ' ^ 
t Hydraulics for Cpej^tors . ^' - ' , ^ 


Submocjule Title: ' = ' ' ' ; * * , 

Tlow Measurement . ' ' ' 


Approx. Time 
1 hour 

-4 i i 
r 


Topig:- 

Parshall Flume Geometry 

— ^- — ^— J- 



Instructional Objective: 

\ *\ 

To be able t^ sketch a plan and elevation view of a Parshall flume, 
identifyii^g the. throab^ width and the locations for measuring the upstream 
and downstream head. j ^ •I. • ' v ' ' ^ 



head 



V 



Ins tructio?t»L Aids: 



TiTansparezj^y^ 'No • C* 3 . 1 



J 



Instructional -Approach: 



Discussion ^nd "SketchingI' session 



References: 



1) Texas Water Utilities Ass^p, pp 144-d5j0 

2) Chow,. V.T.^ pp^ 74-80^ 

3) Spink, L.^. , pp ,272-283 



^ Class Assignment s:. 



None ^ 



23 



.1 
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Module No: I2JG 



Topic: Parshall Flume Geomet ry 



Instructor Notes: 



Transparency C . 3 . 1 
Parshall Fljume 



I.-. 



V 



\ 



ERIC 




Instructor Outline: 



Show ^'the geometry of the Parshall flume, 
its various «par,ts , and t^ie location of the 
gaging' stations using the transparency. 
Then have'the class sketch iDotli vi^ws'of 
the Parshall flame',, labeling the v&rious 



parts , 



' r 



v.- 



24- 
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V 



^ ^Mo'du-le No: 


Module Title: 

' * / 


< 




) ♦ 


Hydraulics for Operators 

' — ■ tt : 








DUDiDoauji,e ixCJie • 

Flow Me^asuf ement ^ 

- x 

> 






Approx*/Time 






1 hour 
\ « \ 


Topic: ' > ' 
^ Par shall Fliime Operation > ^ 




• • 


V 

— T 







Jjistructipnal C^)jective:. ; - * 

To be able to list advantages and disadvantages of a*Parshall f^Lume as 
compared cWith a' sharp-crested weir, to be able to define submergence, for a 
Parshail flume, and to be able to specify the 'maximum value of submergence for' 
which *a Parshail flume can be used without a correction factor ♦ . ' ^ 



InstruotioHal Aids: 

Transparency No. C.3.1 
Handout No, C.4.I 



Instructional Approach: 
Discussion . 



\ 



2^ 



References : 



1) ^ Texa^ Water Utilities Ass'n. pp 14*4-150 

2) ' Chow, V.T., pp 74-80 

3) Spink, L.k/, pp ^72-283 



\ 



\ 

Clas^ Assignments; 
None 



ERIC 
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Pa^e of £2* 



ERIC 



Module No: ^ 

12JG 4r 



fopic: 



Parshall Flume Operation 



Instructor Notes: 

: \ 



Transparency C.^.l . 
Pa/rshair Flume 



Handout No. -C.4.1 
Parshall F^ume 



• r' 



■• 3 i- 

Instructor Outline: 



TT 



g)ist:uss Parsball flume operation, including 
advantages and disadvantages as compared wif h a 
sharp-cyiegted weir ap. well as meaning and ipter- 
pretabion of submergence. . ■ ' 
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■ 4/ ' ' ■ I 


Module Titip' 




•» • 


♦ 

I2JG • 


, ' Hydraulics for. Op^ra^ors. 








• * 

Submodule Title-: . K^ij-^ 

•Flow Measurement- 
* • • 


• 




,Approx, Tdme 






1-1/2 hours ' 

9 


'Topic: , ^ / 

Weirs and- Parshall Flume- 


•calculations 





Instructional Objective: ^ 

To be abj^to detepnine the discharge of water or wastewater -over a sharp- 
crested weir. or through^ a Parshall' flii^ if given the upstream head, the 
necessary information about size anc^/j^ometry of the weir or flume and either 
a monograph or table giving discharge as^Xjfunction o$ upstream head and size, 



instructional^ Aids: ' . ♦ ^' V 
Handouts No • C,5.1- C,5,5' 

• 




t 


Instructional Approach-: 

Discussion and Problem Session 
« 












References: .'^ * • 

• 1) Texas Water^J^i^lities Ass^n,, pp 136-150 
2) Simon, A.L/, pp 268-277 

• • • * ♦ . "* ' 






^ • — (, , — 







- Class Assignmenls: > ' 

Complete any practice, problems ftof finished in class. 



K 
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Module Nor 
I2JG 




1 » - 
Topic^ , . ' ' ' 
~ \ Weirs and Parshall Flume 


Instructor 


Notes: 




Instructor Outline:^ 







Handout_Nb. -£J5.1 - 

Jffeir and Parshall Flume 
D^schar^e 



Handout No. C.5.2 ( 
_i_PiscHarge[ of sTiafp-cfested 
weirs ' * 



I) Discuss methods of determining the discharge 
from an upstream head reading of a sharp- 
crestedia!?eir or Parshaill flume and work 
' examples. 



Handout No. C.5-. 3 

Flo w in V-nn r rb,^^^'''-^ 

--k - 

Handout No. C.5.4 • 

Flow in Parshall Flume 



Handout No- C.5*5 
Practice Problems-6- 



^I) AlZow students to work out the practice problems. 
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Module No: 
^ * 12JG' 



Approx* Tifne 



1 houi* 



Module Title: 



Hydraulics for' Operators 



Submodule ^itle: 

' FIqw Measurement 



4 



Topic: 



Pressure Elow Meaeurement 



Instructional Objective: ^ . * ^ < ^ *, 

• ' To be able to briefly dtfScribe the venturi tneter, orifice meter, Dall tube, 
and magnetic flow meter as devices for pressure flow measurement and to be able 
to compare them by giving advantages and dis^ advantages of each. * 

\ ■ , ■ 



Instructional Aids: 

Handout No. C.6.1 



Instruct ipnal' Approach: 
Discussion 



References: ' > • - ' \ 

* ; 1) Texas Water Utilities Ass'n,, pp 150-155* 

j* 2) , Spink, L.k., pp 7-40 



/Cl^S.s 'Assignments:* ^ . 
/ ' * ^ ' ' 

' None 



ERIC 
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Module No: 
I2JG 


Topic: 


Pressure Flow Measurement 


Instructor Notes: 


• Instructor Outline:' 


, IJandout No. C. 6.1 

Pressure Flow Measurement , 

* 


Discuss the ^enturi meter, orifice meter,' Dali 
^ tube, and magnetic fiow meter as devices for pressure 
flow measu^rement as outlined on tHe handout. 

\ 


* 


y 






' ♦ ' • 


9 

, ♦ 

* 




» * 

« 






e 






t . »^ * 














% 






\ 




r * " 
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• 




« 


r 
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Module No: 
I2JG 



-A 



'Approx* Time 
» 

1 hour 



Module Title; 

Hydraulics .for Operators 



^ubmodule Title: 

Frictional Head Loss^ 



Topic : 



Uniform and Nonuniform Flow- * r 



Ihstiructiort^l Objective: ^ * ' 

To be able t'o classifyj^open channel flow as either uniform or nonuniform 
if given a descriptio^n of the flow situation* 



Instructional Aids: 

Handout No- D.-l-I D-1.2 



.Instructional Approach:. 

Discussion and Problem Session 



j References: • 



1) John, J.E-A., and Haberman, W. pp -209-211 

2) Simon, A-L.-, p 159 / . S ^ 



ERLC 



.Class Assignments: *• * ^ .. ' 

Complete kny practice problems not finished in class 

•31 
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Module No: 
I2JG 



Topic: 



Uniform and Nonunifotnn Flow* 




Ins tfuc tor ' &ut l^Ln,^ : %^ 



Handput No. D.1.1 

Uniform and Nonuniform 

FIOWN ' 



Handout No. D.1.2 
Practice Problems-7 



I) Discuss uniform and nonuniform flow as outlined 
V on the handout. • - / . - 



II) Allow student:s to work out practice problems. 



N 
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Module No: 
I2JG 



Apprpx/ Time 



1 hour 



Module Title: 

Hydraulics for Operators r 



Submodule Title: * - 

Frictional Head Loss 



Topic: 

j Hydraulic Radius 



' Instructional .Objectdye: . ' ^ ' . 

* To be able to calculate the hydraulic radius for open channel flow through 

a) a rectangular channel of specified width ^^d liquid depth 

b) any shape channel vith specified wetted pelvimeter and liquid 

• ' * cross-sectional' area. ^ , - * 



oLnstructional Aids:' 

9 ' Handoiits No. D.2.1, D.^'.Z 



1^ 



Instructional Approach: 

Discussion and Problem Session 



References: 



1) Murdock,"j.W. , pp 123-125 X . 

2) John, J.E.A. and Haberman,. W.-, pp 226-227 

3) . Simon, k.Ll, pp 159- 160 



Clasps Assignments: ^ * . 

Complete any practice problems tiot finished in class* 



ERLC 
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Module No: 
I2je 



Page\|2^ of £2 



Topic: 



Hydraulic ^Radius 



Instructoi;* Notes : 
5 



Instructor Outline: 



.ERIC 



Handout H9. D.2.1 
Hydraulic Radius 

I 

Handout No. D.2.2 ; 
Practice Problems-7 



V ■ 



I)* Vlscuss hydraulic rad:^us and its calculations 
as outlined on the handout* 

, • \ 

^l)^ Allow st/udents to work out^ the pract^ice problems 
on the Tiando'ut.' 



-1 
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^ Module No: 



12JG 



Approx. Time » 
2 hours' ' 



Moduli Title: 



' Hydraulics for Operators 



'Submodule: •]fitle: 



Fric'tional Head- Lpss 



Topic:' 



^ - 

Manning .Equation - Open-channel, Flow 



Insferu^Jiional- Objedtive: . ' 

For uniform open channel flow, to be able to u_se a nomograpllic splu- 
tiion of, the CheSsy^Manning equation to calc^ulat e ''a value fpit any one 
of the following f^our variable's i^ values are- known for trie otber 
th-reLe: average velocity of flow, V, hydraulic radius, Rg, slope o.f 



channel, S, a»nd Manning roughness coefficient, fi. 



Instructional Aids: 



Handouts No. D.3.i, D.3.2, D.3.3, p.3.4 



iff ' 



1 , 



ERIC 




iHjStructionsU. Approach: 

Discussion - Problem Session 



References: 

1) Simon,' A. L,, pp 159-169 ' < 

2) John, J.E.A and Haherman, W. pp 22iJr-227 



Clas.s..Assignments: . ^ " ' - . . \ : 

^ C6mplet^e practice- problems^^on Handou t^No . ^ D . 3 . 4 if not completed 
in class 
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Module No: 



I2JG 



Topic : 



Manning 'Equation - Open-channel. Flo\^ 



Instructor Notes: 



Handout D . 3 . 1 
*' ManriJLng Equation^ 
Op en-r channel Flow 



tiando'iit D.3.2 
Chezy-Manni-n^ Nomo-. 
graph ^ ^ ^ 



Handout D^. 3 . 3; 
Values of n and C 



. Hkndout D.3.4 
Practice* Problems 



- 9 



ERIC 



Instructor, Outline: 




L. Discuss the relationship among /V,S, Rg, 
/ and n for open channel flow and the use of 
^ a nomograph for uniform flow calculations* 



II, Allow the students to, work out the prac- 
tice problems, giving individual help on 
.reading the scales on the notaografph if 
necessary. ' ... * . 



* 



\ 
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Modiile No: * 


Module Title: * 


^ I2JG 


• 

Hydraulics for Operators 


■ . \ 


Submodule Title: 


Approj^ Time 


Frictional Head Loss 

« * V 

f / 

, — ^ '- . 


11/2 hours 

L_l 


TopTc • * • ' ^ 
i Pressure Flow in Pipes 


Instructional Objective: 


For 'pressure flow in a pipe to be able to use .a nomograph of 
^ the ''Hazen-Williams^eqiiaCion to find a value for any ope of the 
following four variables if value"^ are -known for the other three; 
SUscharge Jthroiigh the» pipe, Q, diaije'ter of pipe, D, head loss 
per foot of pipe length, S, and Hazen. ^-Williams coefficient, C. ^ * 

^* . . • • • . • 




0 ♦ 




^ i ^ 


• Instructional Aids: 


— -7 7 — ■ ^ 

.A 


Handouts D 


.4.1, D. 4.2, D. 4.3, D. 3. 3 



Instructional Approach: ' 

Discussion and Problem; S^ession 



Ref erence§: 

1) "Simon^ A.L., pp. 44-45 



Clasj5 AssignmeJits:" ^ ^ ^ 

Comp'lete any practice probfems not finished in class 



Page J6 of £Z 



Module No: 12JG 



Topic: Pressure Flow in Pipe^ 



Instructor Notes: 



Insjtructor Outline: 



H^dou^t No. D.4^1 - 
Pressure* Flow, in Pipes 



I. Discuss pressure flow inpipes/ and s 
t4ie use of the H a z'en -Williams equa t ion • 



Hand 
Haze 
graph 



pii\ No I D.4. 
n-williams N 



2 

omo- 



Handout No. D.-3. 3 
Values- of and C 



— -4jindout No. D.4.3 
Practice Problems-10 



II. Allow the students to work on practice 
problems . 



ERIC 



id 
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Moddle No: 

I2JG' 



Approx. Time 
' 1 hobr 



Module Title: 



^age 37 of 



Hydraulics for Operators 



Sul)lnodule Title: 

. Fractional Head Loss 



Topic: 



Minor L,osses in Pipes 



^ Instructional Objective: 

To be able to estimate frictional head losses. for f fow ^through - 
valves and fitting? in a piping system' if giyen a value for the i ^» 
average velocity of fiow<lin the pip^e and a tablje of loss ^coefficients 
(K values) for values apd fittings. ^ . . 



/ 



Instructional Aids: 



Handouts 0.5.1% D.5.2. D»5.3 




Instructional Approach: 

Discussion and problem session 



Ref ercnces; 



Simon, A.L. pp.':59~64 



» Cliiss Assignments:' . ' 

Complete any practice problems not finished in class* 



39 



Page 3 S of 5"Z 



ERIC 



.Module No:;.*I2JG 



Toplfc: 



Minor Losses in* 'Pipe§ 




Handout D/5.1 
^i^ior I^o.sses in Pipes 

y 

Eandaut D>512 ' 

Loss/ Coefficient s- for 

Sittings- 



Handout D.5.3 
Practice Problems -11 



Instructor Outline l 



I. Discuss minor losses in piping system 
j3and their estimation as outlined' on . 
Handout^ D . 5 . 1 . ^ ^ 



. ( 



\ 



II. Allow class to work out thQ practice 
problems. 



J 
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• 

Module No:. 
f * 

*/ I2JG 


* Module Title: 

. « • Hydrajjlics for Operators ^ 


1 




a • 

Subjnodule Title: Frictional Head Loss 


Appro*. Time 
1 l%ur 

« 


. Topic: ♦ ^ 

o Frictional Pressure -Loss 





Instructional* Objective: . v 

• For JEI ow through a horizontal pipe to be able to -calculate either 
frictional "pressure loss or frictional head loss if given a value for 
the other. * . • . 



-■/. 



InstjructionaL Aids: ^ 

Handout 1):6-1, D*-*6**2' 



Instructional ^ptoach: 



Discussion and probtep session 



References; 



Class Assignmen^s: • . ,^ 

Complete .any 'pxao tice problems not finished in class, ^ 

• ' ' ; t ^ * 



Module No: I2JG ^ 





Topic: 



Frict'ional PrBssujre Loss 



Instructor Nc^tes: 



Instructor Outline: 



-handout D*6*l 
Frictional Pressure 
Loss 



Handout D.6*2 , 
Practice Problems-12 



* o 

I. Discuss frictional pressure loss and its 

relation to frictional head loss for pressure 
flow through a horizontal pipe, as outlined 
in the handout* 

lit ALlow the class to work out the practice 
problems* 



No t e : Nonhor izon tal 
pipes wi]^l be con- \ 
sidered in the section 
on Ber nau lli^ s equa- 
tion- in the "Advanced 
Hydraulics for Opera- 
tox^**'~moduie • 



rage of SZ 



Module No: 


♦ • » 
' Module Title.; • \ 


f 


I2JG 


' Hydraulics * for' Operators 


• 


J* » 

♦ 


Submodule Title: 




Approx. Time 


Frictionale Head Los-s 


* 


1 houf" 


Water DlscrxDucxon oysuenrs 




Instructional Objective:^ L 




To be able to apply palcula t ions . of the type in the. previous 
three objectiv.es ;to flow through a water distribution system. 


r> 


♦ 

• 

• 




J 








* 






s 




\ 

Instructional Aids: 

\ 


• 




\ 

Handouts \d.-7 . 1 




V * 


. '1 

• • \ 






■ ■ m i 

, Instructional Approach: * . - * • 




Dis cuss iqn| and 


Problem Session ^ 




t 

I — : c — 






References: * ♦ 


"» 




- 1) Clark, ir.W 
2) >Iurdock, J 


.,Viessman, W,.J-r., & Hammer, M.J. ?pp. 
.W., pp. 29^2-297 , . 


142-148 


b^a'ss Assignments: ^ ' ^ * , i 
Co.tnplete/any practice problems not finished in class* 




Ik. 








Module No: I2JG 



Topic: Water Distribution Systems 



Instfu^ctor Notes: 



Tns true tor Outline:^ 



Handout D,7.1.* 
* Wafer Distribution 
^ Systems ^ \ 



Handout D.2.2 
Practice *Probleias-13 



!♦ Discuss the examples worked out in the 
^handout ♦ * * / • - 



AlXo^* students to work out the practice 
problems , 



"age ^3 of 5"Z 



Module No: 
I2JG 



'Approx. Tirac 



30 minutes 



Module Title: ' 

hydraulics for Operators 

V . 



Submodule Title: 



Hydraulics of Sewers 



Topic: 



Velocity Requirements 



Instructional Objective:* * , * ; ^ 

To be able to explain the reasons for requiring a minimum 
velocity anjj a maximum velocity f or yf low through " sewers • 



Instructional Aids: 

Handout lio; E.1,1 



Instructional Approach: 
Lecture-discussion 



. 4 



ReferencTes: . ' . • 

1) F^ir, Geyer, & OJcun, pp. 14-1 



14-2, 14-5 - 14-7 



CJass' As^iighment s; 
None 



ERIC 
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Module No: 



I2JG" . 



TCf)ic: 



Velocity Requirements 



Instructor Hotes: 



Handout E. 1. 1 * 
Velocities in ^ewer-s 



ERLC 



Instructor Outline: 



Discuss^general requirements related to 
velocity and size of sewer for^flow in 
sewers as discussed in the handout. 



V- 



0. 



4a 



Module No:: 



12 JG 



Approx. Time 
Ih hours- 



.Kodqle Title: 

Hydraulics- for Operators 



Submodule ^Title: ^ 

' HydraioJLics of Sewers 



7 



Topic : 

S.ewers Flowing Full 



Instructional -Objective: ' . " 

To. be able to determilie from a graph or nomograph tfie discharge^ 
the slope, ^ or the 'diame-ter of a* sewer flowiii§ full if* given values ^ 
for the other two and a value 'for the Manning roughness coefficient for 
the sewer. , / - ' 



Instructional Aids: 



'r 



Handouts No. ^E.'S.l, E.2.2, E.2.3, D.3.-2, D.3.3, D.4.2 



-Instructional Approach: 

Discussion and Problem Session 



/ 



References: 



L)' Fair/ Geyer, and Okun, pp. 14^2, 14-4 
2) National Clay Pipe Institute, pp. 15-22 



ERiC 



Class Assignments: ' ^ . 

Complete any practice problems not finished^ in class, 

, , . '47 - " ' . • ■ 



.1 
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• \ 

Module No: 
I2JG 


Topic; 


Sew.ers Flowing Full 




0'* 




Instructor Notes; 


• 


Instructor Outline: 









Handout No- E.2-1 
Flow in Filled Sewers 



Handout No. E*2.2 
Pipe Discharge Flowing 
Full . ^ 

Handout No. 3.2 

Che zy- Manning- Nomograph 

Handout No. D. 3.3 
Values of n and c 

Handout No. D. 4.2 
Hazen-Williams Nomograph 



Handout No. E.2.3 
Practice Problems 



14 



Discuss flow in filled sewers the 
/relationship among discharge, velocity/ 
' slope, -diameter.- and^roughness of the 
sewer and calculations with those 
variables;. * • ' 



.II. 



Allow stiTdents to work qut' -the practice 
problems. 




id 
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c 


9 

- 


« 


f I2JG 


Hydtaulics for Operators. 










Submodule Title: 








Apprifx. Time ' 


Hydraulics of Seweri ' 




" * 0 




* 


Topic: 








1^5 hours 


* Partially Filled Sewers ' 

• 









Instructional Objective: 

.To be able to calculate the velocity of flow,, V, and discharge 
Qjr through a partially filled sewer if given values for the Manning^^ 
rough^^^s coefficient, n, the sewer diameter, D, the depth of water 
in the sewer, d, the slope of tl)e sewer, and a tabulated or \ 
graphical presentation of the relationship ' of V 



Vfull and Qf^fi^ to D 




Instructional Aids: 

Handouts E*3.1, E. 3 . 2 E.'3 . 3 



Instructional Approach: 

Discussion and Problem Session 



References.: ' 
'D, Fair, Geyer, and Okun, pp. 14-7 - 14-12 
2) National Clay Pipe Institute, pp*-^17-22 



• ^; ^-r^ — — 

Class Assignments: ^ . | 

j" Complete any practice problems ftot finished in class. 



Module No: 


1 ^ ' 

Topic: . ' * . ^ . 


V 




I2JG 


• Partially Filled Sewers" 

P-T 1 p \ 


• 






Instructor Outline: 

\ 



Harii&out No. E. 3.1 
Flow in Partially filled 



Sewers 



Discuss flow- thf&tigH partially filled 
sewers and estimation of velocity and 
discharge for such cases . 



Handout No. E.3.2 
Discharge and Verocity^ 
in Paj-tially FiMed 
Sewers * * 



Handout ifo. E.3.3 • 
Practice Problems 15 



II. Allow students to work out the practice 
problems. ... 



• ' .// EXAM QUESTIONS 

• ^ " / ■ * ' • * 

Definitions and TfaitsX 

''.'■/ ^' 

1) • What are thr^je diff-er^ent units for measuring pressure? 

2) - 'Define specif ic. gravity* ■ , ' 

.3) What are two different units'^for measipu-ng specific weight? 

Pressure Unit Conversio ns * ^ 

^ ^ ^ ^ 

* 1) Convert a pressure of 1»5 atmosphe;res to psi» 

2) What is a pressure of J80d psf equal to in psi'? 

3) Convert 12 ♦ 6 inches of mercury to psi* > T * \ 

Gauge and Absolute Pressure, * . * * 

1) If the gauge on a tank reada 15 psi,*what is "the absolute pressure in the 
tapk? ' ' 

2) If thiP pressure a c^rtai<i point is supposed to be 31 psia, what should 
be the reading on a pressure-gauge at that point? 

Specif ic^Qjravity 

•1) 'What is the specific weight, of a liquid which has a ^specific gravity of 1.16? 

« » * * 

Conseirvation of Mass , ' ^ 

V~ ^ - ' - 

1) ^ J^at basic la^jf^f physics is the continuity equation based on? 

Velocity and Volumetric '^low Rate ' ^ . s 

^1) WhajT are three common sets of units used for measuring discharge or 
volumetric^ flow rate» 

2) Wastewater is flowing 1 1/2 feet deep through a 2 foot^^j^ide rectangular open 
xhannel at rate of 2.1 MGD. What is the velocity of the wa^^Jl^fewater? 

Mass Flow Rate, and Volum etric Flow Rate * 

r - ' * » 

' ' ^ . • • 3 

1) If wastewater is flowing through a. section of channel at a rate of 30 ft /min, 
what is its mass flow rate in Ib/min? ^ ' ^ , 

2) Watet at 60*F is flowing through a pipe at a rat.e of 639 Ib/min. What is its 
discharge in MGD? ' ' ' ' 



1^ 

* i» 



Velocity by Tiping Float Travel 

1) The time required for a cork to*travel between two manholes', 535 ft 
apart was 108 seconds. 

a) What was the. velocity in the ^ewer? ' * , 

b) ^ What was thg discharge through, the sewer if it was a 12 inch 
[ " sewer flowing half full? (^rea of a circle = tt d /4) 

Sharp-Crested Weir Geometry . , ' , > 

» * ' * 

, 1) Where should the upstream head above the weir .crest be measured for a 

sharp-crested weir? . " « * ^ * 

2) What^ is* meant by the "crest'^ of a rectangular sharpr-crested weir? 

3) ,What are three precautions that should be observed in the set-up and use 

of sharp-creste^d weirs' in order to insure accurate flow measurements? 

Parshall Flume Geometry 

1) What is meant by the throat of a Parshall flume? ^ 

2) Is t^here any special location where the upstream head should ^e measured » 
' . in a Par4ghall flume? * 

3) I^at is the crest ^ which the upstream head is measured above in a Parshall 
ffume? * 

Parshall Flume Operation . , , ^ 

1) What is mean^ by submergence in connection with a Parshall flume? 

Z) What is the maxymm allowabl'e submergence^ of the flow thrmjgn a Parshall 
'flume if the discharge is to be* predicted from the upst^^^am'^ead only? 

3) What are two advantages of a Parshall flume over a s)'{arg7-crested weir. 

Weir ;and Parshall Flifoe Calculations t ' ~ » 

1) I Vhat are three^ commohly used methods of determining the discharge for a 

maasured value of upsteream head for a sharp-crested weir or a Parshall 
flume 7 . - , • ^ * • ' 

2) Us^ the attached nomograph to find the discharge through a 90* ^V-i\o*ch 
weir with a head of 6 inches, (attach Han4out No. C.5;3) 

3) Use the attached tay,^,j;^^etermine the discharge over a 6 foot long 
rectangular shafp-crested weir with a 7 1/2 inch head. (attach Handout No» 

Pressure Flow Measurement 

> 1 — =3 . 4 : • 

1) ^ What are advantages and disadvantages of a magnetic flow metey in *^ 

comparison with a venturi meter?;^ * ^ • , 

2) ' What is actually measured with a venturi meter in order to determine the 
• flow rate ^through 'the meter? 



3) What are some advantages and disadvantages of a Ball tube in comparison 
with a vehturi meter? 

Uniform and Nonumiform Flow 

1) Whatsis necessary fop flow in an. open channel in order to give uniform 
. flow? • 

Hydraulic Radius 

1) ^U^at is the hydraulic radius for flow through a 24 inch wide rectangular 

channel ±i it is flowing 15 inches deep? 

• . - 

2) What is the hydraulic radius for flow through a partially filled sewer if 
the cross-sectional area of flow is 10 inches the wetted perimeter is 
9.3 inches? - - - 

Manning Equation - Open Channel Flow 



l)^:4fllat .are the three most iniportant variables which affect the v^o city of 
water flowing through an open channel? 



2) - Would the velocity . of f Iowl. in an open ch*annel increase or decrease if the 

' hydraulic radius is increased? • 

• •? 
t * " . * 

3) Would the velocity of flow in an open channel infcrease or decrease if the 

channel surface becomes rougher. ' * 

4) Use the attached Chezy-Manning Nomograph to determine the slope required 
to ^ive a velocity of 2.0'ft/sec with a hydraulic radius, of \L.5 ft and a 

'fanning roughne^ of 0.015. (attach. Handout No. D. 3.2) , 

Pressure Flow in Pipes , ' ^ , 

1) How* is ,the* hydraulic raciius calculated"lrOm--the^.dlaottfe^^ of a circular pipe? 

2) -Use the attached Hazenr^Jilliams* nomograph to find the discharge through 

' 508^eet of .24 inch pipe with .a head loss of 12 feet if the Hazen-Williams 
coef ficient/is 100. (attach Handout No. D,4.2^ ^ - ^ 

Minor Losses in Pipes ^ . , - * 

• , * h / , - ^ ^ ' 

1) In what type of situations* would frictional losses due to valves and fitting 

be important in comparison with frictional loss due to straight pipe? 



Fric^onal Pressure Loss . ^ • ' ^ 

1) If the head loss across a piping system is 15 ft what woirld be /the pressure 
loss^ through the sysf em' is psi? « ' - - . 

2^ Express a pressurer loss of 15 psi as head loss in feet. 



Water^ Distribution Systems • '. - - 

1) What pressure would -be required at point A in order to give a pressure 
. of 40 psig at point * C? 



^ 5000 *T • , , 1900 -ft 



2000 g frt) iooo g p> 



Velocities jn Severs \ ' 

1) What is the normally recommended fange of velocities for flow through ^ 
. sewers? - \ ' r 

* • 

2) What problem will be caused by the velocity being too^^ ^.ow for flow through 
^ a sewer? ^ - - . 

3) What problem will be caused by .the velocity bfeing too high for flow through 
d sewer? >t 

\ 

^Flow in Filled Sewers .0 - , ' ^ ^ 

- ^ " ' • <' . " * 

1) Use the attached Hazen-Williamsjiomo^raph to find the velocity and d^scharg 

through a -24 inch sewer with^^^slope of 0.0015, if it is f lowing- full? * - 

(attach Handout No.jp.4.2) - ^ . 

Flow in Partially Filled Sewers . ' \* * 

1) Use the attacheid graph and rfomograph to find the velocd^ and discharge - 
through a 24 inch sewer with a slope of 0.0015 if i^ i^ flowing* 0.6 full^ 
^ (attach. Handouts No. D.4.2 and E.3.2) 
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FLUID PROPERTIES- 



Pressure : symbol- P 



unit 



_ -.Meaning-: Force pe^s^uniC area which a fluid exerts on any surface it ^ 
is in contact with* 

Units: Ib/in^ (psi), lb/ft (psf), inches of mercury (in, Hg) , 
atmospheres (atm), Pascals (Pa). 

Pascals Principle: Pressure is the same in. all_directiQns_.at. any* point 
in a fluid. ' ^ 



> Density : symbol- p 

Meaning: mass of a substance per unit volume^ 

3 3 . " 

- Units: lb/ft , lb /gal, kg/m 

• J' 

Specific Weight :, symbol- Y 

) 

Meaning: weight of a substance per unit volqjpe 

3 

Units: Ib/ft^, lb/gal, Newtons/m . 



Specific Gravity : symbol- S 

, density of another substance' 
Meaning: 



density of water 



e.g. Specific Gravity 
of gasoline 



density of g^solinje 
density -of water ^ 



This may b^ \jritten as Sg^g^j^j^ne = 



Pgasoline 



Pwater ' . - 

Units: ^one, however the same units must b6 used for the density of 
water and tlie other- substance. /. ' 

' Notes; 1) specific weight pan be used in place o£ density for hotlj ' ' 
water aild the other subs^^nce. ^ ' ' ^ 
'2) Pwater^ Pwater' = 62.4 Ib/ft^ = 8w34 lb/gal 
_ for temperature between 32^F - 6^^f / ' ^ , ' ' 



Viscosity : > symbol- y 

' ; ^ . }• ^ . • ' ^ . ^ 

.Meaning:!, a'measure of a fluids resistance'to flow' 

lb- sec ^ • /.^ . 



Units: 



fE2 



, centipoise 
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Given Unit 



CONVERSION FACTORS 

X Conversion Factor 



New Unit 



I Pressure 



Ib/sq* in, 

atmospheres 

atipospheres 

Ib/sqTft. 

lb/sq*in, 

atmospheres 



144 
14 
29,92 
47,88 
2.034 

760 



lb/sq,ft, 
Ib/sq. in, 
inches of merhury 
pascals 

inches of mercury 
mm_of mercury__ 



Volume 



cubic feet 
cubic feet 
cubic feet 
acre-feet 
gai-lons i 



7,48 

-172.8 

' 0,0283 
43,560 

3,785 



gallons 
cubic inches 
cubic meters 
cubic feet 
liters J 



square f^et 
acres - 



144. 
43,560^ 



square^ inches 
square) feet 



Mass 




pounds ! 
kilograms 


453,6 
2,205 ' 


grams 
pounds 




Discharge 


i0t 


cu.f t,/s^c 

CU,ft,/sQC 


o!646 
449 


millio 
gal/mi; 


1 gals f /day 
1 



. J 



million ^als/day 

i 

T 



694 



gaVmi: 



f 



i 



Note ;' To convert, from a un:^t in the "New Unit" column ttf a unit in the ' GiVeii Unit 
column, dividfe by th| conversion factor • ^ 



I 



i 4 
f 

I 

i . 

I ) 



Handout 'No. ;A>^. 1 



ERIC 



.62 



1^ I 

■ I 



PIV«^CTtCE PROBLEMS - 1 
-1) Convert a pressure, of 2.3 atm to a^ psi, and b) in^ of Hg. 



2) If a pressure gatige reads 8.5 in. of Hg what is the pressure in psj.? 



3) Convert a pressure of 3500 ^psf to a) psi and It) jin, of Hg. 



\ 



1 ^ 



• I 



1^ 



'A 

1 ^ 
> 

t -1 



4) Convert a pressure of 45,000 'Pa to psi-. 



I- 



6b 



1.-. 
\ 

f ■ 
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GAUGE AND ABSOLUTE PRESSURE 



Atmosphere Pressure ; 



^atm 



^ li^J psi at sea levels 



Cleaning: Normstl atmosphere pressure exerts a force of 14 ..7 lb on 
, each. square inch of surface ^posed to jLt» * 

Other Units:' Pa^m = 29.9 in. of Hg = 1 atm =.2120 psf = lOl^OOO^a 

1 



II. Gauge Pressure:. ' 



. on 



Interpretation ! The pressure in the^tank is 20 psi greater than the- 
pressure ^outside the tank* ^ " - . * 

^ (Pressure outside tank = atmospheric pressure) 

, Other ways of stating this: . 
i 1) g^uge pressure in tank = 20 psi 
v-^^ \ . 2) pressure in tank =,20 psi gauge ■ * 

3) pressure in- tanl^ = 20 ps^g- V * 



III • ^Absolute Pressure 



1 



,The pressure* in the tank above may also be expressed* as Ubsolufe 
.pressure where:. ' *. * , ' , ^ 

! - ,1 • . ^ > " 

Absolute Pressure = Gauge Pressure + Atmospheric Pressure 

^abs = Pg + ?atm ^ . ' ' : 

If atmospheric pressure is 14.7 p;si^ around «t he tank, then the 
pressure ^in fie' tank could also be expre^sed^ as: * ' ^ >' * 
Stank 34:7 psi absolute 



or , P 



,w j. <jr *l^e^absplut'e jpre^sure in the taldk i^.34.7 p|ij 

■j 



=1 34* 7 psia 



Note: Assumer P^tm ==-14,7* psi unless cither 



1 I 
inf ormatio^i is available 



\ 

\ 



v.- ' 



, - .• i 
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PRACTICE PROBLEMS - 2 



1) If the pressure above\a pressure filter is given as 10 inches of 
* mercury gauge, what is\ the absolute pressure in. inches of mercury 

and in psi? 




.2) If the pressure at a efertain point in a pressure line is to 28 ps^ 
^ * what* should be the fe/ading kn psi on a pressure gauge at that poinj 



3). If the p^ssur^ oh a gau^ej read'^ 18.5 psi and*the local barometric 
pressure (atmospheric pressure) is 29.8 inches of mercury, whatsis 
the absolute pressure beini re^d by the gauge? - * " 



7. 



Handout No. A. 3. 2 



ERIC 



5 



PRACTICE PROBLEMS - 3 

1)' T-Jhat are the specific weight and density of oil which has a 
SpecifiQ.gravit>j^of 0\94? 



■ f 

• 2) .Sea water has a^ specif ic gravity of 1.03. What is its density in 
Ib/f t^ and in. lb/gal? . " ' ; 



^ 



■Xi 



3 

7 



5 ■ i .0, I ■ 
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THE CONTINUITY EQUATION 



Basic Law of Physits ; Mass can be neither created »or destroyed 

JSeneral Continuity Equation ; From the basic 'law above, the following 
relationsh;ip must be true for a system with streams flowing in and/or 
out as illustratedJ)elow. ' • ^ - >• 

rate of mass flow _/ rate- ^ mass flow 
\into systegi . /' ^ut of system^ 



rate of»^ accumulation 
of mass in. system* ^ 



Flow ^_ 



V 



eig> *If the mass flow rate in is 20*lb/min and the mass flow rate out is 
^15 Ib/min, then th^e is^a. '^buildup" or "accuiiualation" of 5.1b/min 
in the tank^^ 

/ : , ^ ^ • 

The "system" may be a clarif ie;ii^w a sand filter, an aeration f^nk, 
a section of open channel, pr any such item which has water or wastewater 
flowing in and/or out** ^ # ^ ♦ * 

Frt)m the above relationship, flow rate in,* flow rate out, or rate 
of. accumulation can be £oynd>if the other two are known* If the out^flow 
is greater than the inflow, then the r^ate of accfimulation is negative 
or in other words, there is' k net los^ qf mass from the system* 



Steady State Continuity Equation : .For many cases, the total amount' of 
mass in a system remains constant. This condition-i^ referred to'^as 
steady state. There is no a^cutnulation during #tead]^ state conditions^ 
— J — *.-*uL... J — becomes • ' o ^ 



and the continuity equation 



r3^te of 'mass flow _ 
into s^st4ii 



. i 

rate of mass flow 
out of system""^ 



1 
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• > VELOCITY AND FLOW RATE - 

There are several possible -ways, of specifying the flow rate through 
a pipe,, channel, or tank* Two which will be considered now are: 

^1) Vplumetric flow rate, Q, measured in unit^ such as cfs (cu.f t •/s^):i 
gpm (gal/min), MGD (millions of gallons per day), etc. 

2^-.v^ve^ge velocity, V, measured in units such as ft/stec, ft/min, ate, 

' For flow tKi^iDugh a pipe,^ channel, or tank ^s shown in the diagram 
below, Q, V, and A are related as follows: (A = cross-sectional ariBa of flow) 



- Q = 'VA 

The velocity times the cross-sectional area gives the volume $wept 
out .pei^^ unit time, or volumetric flow rate, as shown in the equa^^o^ ahove 



For caldulations with this equation Q, V, and A must, be in proper 
units* One possible set of consistent units is: 



•V in ft/sec, A in ft^-, Q in ft^/sec 



^ If any of the Variables are given in different tinits, such as gpm 

' f ot Q or' in^ for A, they should be converted to the units above before 
, making calculations with the above equation. . 

\ : , , \ • . . 

Example : Water is 'flowing through a 3 ft wide channel at a depth of 2 ft, 
and has an^ average velocity of 5 ft/sec. What is the flow rate through 
1 the channel in cfs ^'and in MGD? - 



\ Solution: 



A = . 

= 5 ft/s^c ^ 



A =^ (2 X 3) ft^ = 6 ft^ 



Q =-VA = (5) X (6) cfs = 30 cfs . 
Con>»ert toUlGD - multiply "t»y 0.646 
Q'. = ..(30) X (0.6A6) MGD = 19.4 MGD 
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PRACTICE PROBLEMS - 4 



1) A 6 .inch diameter sewer is flowing f ull ^ith wastewater', \fliat flow rate 
thrpugh the sewer will give a velocity of 10 ft/sec? Expr^gs your 
atiswer in cf^ and i in MGD. (Notfes the area'^of a circle =^irD2/4) 



N 

2) Wastewater is flowing through a grit chamber at a^ate of 1.4 MGD;«* 
If the grit chamber ..is 1 ft wide and it is flowing- 2 ft deep^ what is 
the velocity of the wastewater in the grit chamber? 



7 
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HlASS FLOW RATE 



J. A third possible measure of flow rate is nfass flow rate, m, in units 

such as Ib/min, Ib/hr, etc. Mass flow rate is related to volumetric flow 



rate and averaMivelocity a^ fallows: ^ 

, ' m = pQ . or . m = pVA 



where p =.-density of water ' , 

(p = 62.4 lb/ft3 ^ 8.34 lb/gal for -^temperature ^between 35°F ^nd 65°F) 

Consistent Units : , > ' • ' . 

1) ' volume units in b and Q must be the same for the first equation 

e.g. *p in^^lb/ft^^ and Q in ft^/sec 
or p in lb/gal and Q in gal/min 

2) ^for the se^cond equation if p is in Ib/i^t^, V in ft/sec, and 
• , A-in.ft2,' then m will be in lb/sec, 

P^ractice Problems: ^ ■ * o * * 

— i ' ' , * 

^ '^^ • 

1) If water at 50^F is flowing through a channel at a rate of 30 ft^/min, 
what is its mass flow rate in Ib/min and in-lb/sec? 



r 



if 



2) Wastewater at 60^F is flowing through an 18 inch diameter pipe at a 
rate , of 43 llj/s'ec and the ^epth of Wow is 9 isches. a) What is its 

_ volumetric fijow rate in cfs and in MGD? b) Wh^f* is*it6 av^r^ge 
velocity in ft/sec? . 




70 



Handout No. B,.3.1 



PRACTICE PROBLEMS - 5 



1> The time required for a cork, to travel between two'manholeJ,^ 500 

apart, was 90 seconds • a) What was the velocity in the s^wfer? ^ 
b)' What was the volumetric ^low rate (discharge) through £he sewer, if it. 
is a 12 inch'^^wer flowing half full? (area of a circle^=^7^d^/4) 

• - ' )^ 



^ 4 



) ■ 



2) The flow in an open channel is to be estimated by timing a corks travel. 
If the channel is 1§ inches wide, with 15 inch flow depth^jand a cork S 
takes 2 1/2 minutes to travel 400 ft,, then what , are the velocity and 

' • volumetric flow rate in the channel? ^ ' ' 



( 
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SHARP-CRESTED WEIRS 





Uses fort sharp-crested veirs; 



1) To. measure^ flow .rate in open channels and through outlets from tanks 
and ponds. ' - . 

2) To .maintain' the proper depth pf liquid in tanks, channels, and ponds 
Pr^cauqf^ns in set-up and use : 

1) The crest of the weir must be level * ^ * c 

2) There should be- a pool in tlie approach channel to keep the approach 
verocity below J.. 5 ft/sec. *. - ^ . * ^ 

• 3) The dep^ in the approach chanhei must be at 2.5 times as great ^ 
asJi* * ♦ 

4) The weir crest must be at^east 3 inches above the receiving 
water level. . * ' o 

5) The" head above the weir crest, H, ^must be measured at a location , 
which >s ^ diStan^ce at l^ast *^2.5 H upstream from the'crest. 
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■ . .r^ PARSHALL iFLUME , • 
Comparison-, with sharp-crested weirs 

Advantaged of Parshall flume: . • 


* 


) 




1) Lower' head loss required 

2) Sand and silt deposits are minimized^ because a stilling pool 
. isn't required 

'•3) Gauging points are well' defined which improves uniformity 
from one instrument to arfother. 








Disadvantages of Parshall flume*: . • - 




C 




1) Mote complicated and expensive construct than a weir. 
• . ( ^ . 








Submergence 

Hb f * • . • 
• Def initio^;^- Suba^cgence = 100% "^- . -^.^^ , . ! - 

Where Hg and are the liquid heads above the flume- ^ 
* crest at the specified locations. ^ • ^ - 




• 










"Free flow" occurs when submergence is less than 60% for flumes 
with ^up to 1 foot throat width^ or les3 thau 70% for flumes with 
1 to 8' foot throat width. ^ ^ • 

• "Submerged flow" occurs when submergence is greater than the 
figures given above. ^ ^ - 

, For free, flow the flow rate Q can -be determined from only a value 
'""for 2ihd thej throat/ size of the flume. * ' 


• 


/ 

/ : 




*^ for subme^rged ,f low correction factors can be applied* as discussed 
• , in more' detailed references. * ' 

Other Notes: < . . . 


• 


■ 


• 


• 






1) Parshall flumes are specified by their throat width, e.g., a 6" ^ 
. Parshall flCune means one Hijth ^a 6" throat. 








y J- ' 2X Xhe heads and Jig are usually measured ^n stilli/ig wells 
connected, to the flume with pipes* The level of water in 
' the stilling well i^'mea'feured using a float/ // 




• : 




• ' ■ - . ;/ . - • 






• 


- » 
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WEIR AND PARSHALL FLUME DISCHARGE 

with. both the "sharp weir and the Parshall flume, the discharge, 
Q-, is determined by measuring an upstream head, H# For the weirs H_^is 
the h^ight aboVeVtiie weir crest and for the Parshall f Jiime H is the, height . 
kbove thfe level' r^oor portion of the fluine. - ' ^ \f / 

r ' \ ^ ' 

For^ both the'^sh^lrp.^cx^ted weir and the Parshall flume, 'three major ' 
ways of finding discharge, Q\ for a measured value of upstream head, H, 




Use of an equation relating Q and H, such as Q ^ 3.33 LH^-^ for 
a Rectangular sharp created ^weir. 

2) Use of a table relating Q\nd H, such as Handout No. C.4.2. 
* 

^^-^^ 3) Use of a nomograph relating Q a?td H, such as Handouts No. C*4.3 

^ and C.4.4. 

«« 

-> Examples ; 

1) What is the discharge ovei^ a 6 ft. long rekitan^lar sharp crested 
}^e±T i^ the upstream head above the weir oresfc is 4 1/2 inches? 

* Solution ; From Handout No*. C.'5.2, the disrcharge is 343 gal/min 
per foot of. wfeir lengths . for 4 1/2 inches he*ad. 
The total discharge must then "Se • 

Q = 343*K.-6 gal/min = 2058- fial7mln 

' ; . - y 

' ^ * 2) What is the discharge through a^90° V-notch weir with a head of 
' ' X 6 inches? 

, , - t 

^. . Solution ; From Handout C. 5. 2: Q 204 gal/min 

From Handout C.5.3: Line up a straight edge with the bwq points 
representing 6 inches head and 90^, then read of f flow* equal to"* 
0.285 MGD ^ * • . 

' - ^ ,. • • 

converting to gal/rain: Q = (0.285H6.94) gal/min = 198 gal/min 



<5 
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E:hr33tighr^^ Parshall 'fiume-. with, 1 foot 
throat width arid 8 inch^head? . / ' 

Solution : ''From Handout C.5.4, using a straight* e'dg^Q^ 

Q = 1.4 MGD ^ • . , ,^ ^ * t . 
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DISCHARGE OF ' SHARP-CRESTED .WEIRS 

f 



Rectangular Vfeir ^' ■ • V'-No.tch Weir 



(1) , . . (2) 

Head, Discharge per foot Head, Discharge, gal/min 

inches " of length, gal/mfa inches • 90° ' ' 60" • 30" 

■ l/8^ ' 1.6 > ' 1 ' ^ . 2.5' ^ - 1.4 0.7 

""1/4 • / 4.5 1 1/2 ' . 6.6 '3.5 1.7 

3/8 8.2 2 12 7.7 / 3.5 

1/g 12.7 . , 2 1/2 - 24 13 5.8 

5/8 . 17.7 3 37 ^ 20 . ' 9.5 * 

3/4- ' 23.3 ' 3 1/2 53 31 14 

7/8 29.4 . - 76 42 . 20 • • 

,1 ■ • , 35.9 4 1/2 100 . 57 26 ' , 

11/8 . 42.9 5 129' 72 36 , " 

1 1/4 50.2 5 1/2" 166 86 46 
11/2 66.0 * 6 , 204 ? 114 56 • 
13/4 83.2 ■ ^ 6 1/2.'"':' ?47 • 'l42^ 69 ' • 

2 - 102 . 7 . 300 - 163 82 

2 1/4 121 7 1/2 354 ,• 201 * 97 . : 

2 1/2 142 8 413 228 114 • 

2 3/4 164 '8 1/2 > 486 . 271 - 132 

3 ■ • 187 9 . •555 313 , 152 
3 1/4 211 .9 1/2' * 632 367 173 

3 l/'2. 235 10 713 • 407 ' 197 
.3 3/4 261 10 1/2 815 457 222 

4 ' 288 ' 11 905 517 '248 
4 1/4 " — 315" • ' ' Hi 1/2 1,010 573 ^ : 277 

4 1/2 - 343 12 1,120 64l .. 307 

A 3/4 372 ~ " 12 1/2 1,240 710 340 ' 

*5 ' 402 ' • ' 13 1,360 784 374 ^ 

5 1/4 * 432 13 1/2 . 1,500 861 410 
5 1/2.- ^" /464 ' • .14 - 1,640 943 448' 

5 3/4' - '■ 496 . 14 1/2^ 1,790 ,' 1,030 489 , • 

6 , 528 ' , . 15 -.1,940* 1,121 . 531 

'6 1/2 * 596 ' . ■ ^ . % 

-7 666 ' ■ • . ' 

^7 1/2 - * . * 738 * ' . ' ' - 

8 • • » 813' >• (1) Fron^ equation 

8^1/2 " . 891-.». ' •• jg=3.33Hl-5 : ,, ^ 

9 : : * ,971 , . . • ■ y . - 
9 1/2 - 1,053 (2) From following e^^jmionsJ 

10 . ' • 1,137 

lb 1/.2 1,223 • .90° - Q =■ 2.52H 

11 ' 1,312 - ^ '■ 60°- ? 1.43H 
11 

12 } 1,49.4 



2.47 • - 
2.50 



1/2 . 1,402 30° - Q = 0.683h2*^^ 
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PAG£ lb? "Flow in V-Notch Ueirs" and PAGE ItT 
"Flow in Parshall Flumes< REMOVED PRIOR TO BEING 
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PRACTICE PROBLEMS - 6 . , 

1) What is the flow rate through a feo° V-notch weir with -J 1/2 inche^ head? I , 




1 

1 



2) What is the flow rate over a 4-foot long rectangular sharp-crested 
' veir with 5 3/4 inches head? ( 



3) What is the flow through a 3 f^ot Parshall flume with 9 1/2 inched head? 
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PRESSURE FLW MEASUREMENT 
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4- 
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_ venturi meter and orifice meter the flow rate is related to the • ^ 
drop in head, 'IL 1J2> as^ follows: Q=K H]^ ~ ^^2' ^ calibration- curve is usually 
used to find tl^e flow rate indicated «by a measure'd value of head loss. 

Both ori^'lce meter and venturi 'meter will have some permaneitt head loss due 
ta the meter ^hovm as - H3 oh the diagrams above, 

\ * Pall Tube : Ihis is similar to a venturi meter, but has^a dif f erert^jj^apeS entrance 
section and G^hroat which gives a higher pressure recovery* * 

* / , ^ . . • 1 . ' 

Magnetic Flow Meter : Ikn electromagnet is usfed to create a magnetic field in the 
pipe. The nlow o&t a conductive flyid (such as wastewater) through the magnetic 
field generates a voltage proportional to .the velocity of the flow. The voltage 
is ,measuredfand u^ed to indicate fldw rate. 



COMPARISON iOY miER lyPES 



Ventur 



■ /■ 

i Meter : 



, J.) l^ss permapent pressure loss than orifice meter; but more than Dall 

/ tube or magnetic flow meters. 

\ • 2) can be.usedi vith higher solids contyent than Dall tube 

3) greater space requirement than orif-ice meter ^ 



Oriffce Meter: 



1) ^ greatest peto^ient prj^ssure loss of the four types ^ 

2) least space rfequlrement of the four 



' J ^ — WW w .w^ — w ^ 

3)/ easy to change to different Sizes to change the measurable flow range 

Dall Tube: - * - 

1) less permanent pressure loss than venTuri or orifice meter 
' 2) * cannot be used with liquia$ having a high solids concentration as wel-l-^asr^ 

the venturi meter. * ^ * f 

■ - - 1 

i>fagnetic Flow.ll_eter : 

1) least permanent -pressure loss of the four types. 

2) the liquid must have a» hjgh enough solids content to be 'conductive ^ 

3) ^ unaffected by slqdge buildup on the wall as long as Che biiilt up 

sludge has the same conductivity as the flowing liquid ^ . ' 

. . K ' Handout No, Q*6.,l ' r 
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JIFORM AJH)' NONUNIFORJI FLCW 



Flow in open channels can be classified as either uniform or nonuniform 
flow as foilbws. 



Uniform flow- Flow in an open channel of uniform cross-section with the 
slope of the water surface the same as the, slope of^the channel bottom. 

Nonuniform f^ow- (al^o called varied flow)- Open channel flow witK the 
liquiid depth and/or the chan^l cross section changing. ^ 

Flow in a straight stretch^of channel of constant bottom slope and constant 
cross section will develop into uniform flow, A change in the bottom slope 
and/or cross-section will cailse a region of nonunifory flow as indicated below 
for a change- in bottom slope. 




Another example of uniform and nonuniform, f loW: 




«^ . " ^ . 
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• PilACTICE PROBLEMS - 7 ^ 



Indicate where you would expect to find uniform flow and where— 
npnuniform flow for each of the following cases. 




\ 



ct)anne I 




5) • 



Bottom 
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^ . HYDRAULIC RADIOS . . ' ' 

Hydraulic radius is often used in calculations for op^n 'channel flow 
and for p^re^ure flow in a non-circular conduit/ *\ 

T^^r. . * tt J D J-., CrcJ^fe-sectional Area of .Flow 
•DiSf ii^ition: Hydraulic Radius = — 



or Rh - - 



Wetted Perimeter 



Example4 -<-€g!I:cylate the hydraulic radius for « flow through a 5 ft. wide 
rectangjjj^r open channel at a dep^h of 2 ft. 

. ^\ A ^ (2 X 5) ft^ = 10 ft^ ^ 



- P = (5 + 2> 2) ft = ? ft 
+.t— • . Rj, = 4 = 10 = 1.1 ft 



P,- 9 ft 

foT^ a .rectangular channel in genieral with bottom width, ' b,, and 'depth c 
flow, h, the hydraulic radius is given by ' ' 

R - bh 



2h+b 



for any other s1=iape channel t^ie ^hydraulic radius can be calculated if 
the cro^s-sectional area of 'flow and the wetted perimeter can be » 
determined^ » 

Example : Calculate the hydraulic radius for flow thr^gh an 18 inch 
• ^ sewer f lowing vhalf full. ^ 




1 -TTd^ =1 7t(1.5)^ ^^,2 ^ 



P = 1/2 (7Td) = 1/2 (tt) (1.5) ft = 

R^. = A * • ^ ' . 

-h p . • . • 
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PRACTICE PROBLEMS - 8 

the hydraulic radius fot> flow through a 30 inch wide channel 
water is flowing ^ anche^ deep? ' 



^7. 



\ 



2) What is the hydraulic radius for flow through an irregularly' shaped 
Channel for which the liquid cross-sectional area has been esjf imated 
•as^8.5, ft^ anS tha wetted perimeter has been estimated as 7.8 ft? 



; ■ . ■ - : „ -, - • 

3) What is the hydraulic jtedius for flow through a trapezoidal channel • 
'^with bottoiv^'idth of 2'ft and' surtace width of 44 inches if the depth 

of liquid is 20 inches and the le|igth of the wetted wall is 23 inches \ \ 
on each side?' j?ote ^ The Axe,a of , the trap.e^oid shown, below is h/2(a+b):; ^ 
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>lAi^NING EQUATION - OPEN CHANNEL 



The vjelocity of water flowing through an open channel is affected mainly . 
by three factors as, follows: • • 

•1) Slope of channel, S: greater slope causes highe# velocity. 

Roughness of the channel surfac e as indicated by the Manning roughness 

coefficient, n: higher value of n (measuring rougher. surface) causes 

lower velocity. 
/ . * . ^ 

3) Size^'and shap'e o4 the channel as indicated by the hydraulic radius,/ 
Rg: Higher values of hydraulic radius result; in higher velocity. 

An equation frequently used *to give the relationship among these variables 
for uniform open chapnel' flow is ^hd Chezy-Manning equation/ « * 



V = 



1/49 



R+ 2/3 *sl/2 



Instead of using this equation fcJr each calcillatjLon^ a nomograpj/ such as 

that'^on Handout No. D.3.2 can be used .to f ind, a value for V, .n, S, or if , 4 

-values' are known . for* the other three. Handout No. D.3.3 gives values of th^ 
Manning coefficient, n, for'^various materials* ' 

\ The slope of a channel .is 'normally expre$§ed as, feet of rise pr Tall per 
foot of horizontal distance. .The slope of the channel 3hown\.below, for example, 
voMld.'l?e?'0.-5ft/ia0f.t-rcfr 0.005*. . . , >\ r 



• > 










• 


<^ 


^ too ft 







Examples ; * 4 ^ * . , . 

1) - An open' channel has S = 0.001, n = 0.M.4 and Ry = 0.8 ft. ' Whfif is 
t*l\e velocity of flow under uniform flow conditions? ' ' ^ . 

Solution.,: On Handout No.'' 31 2 align a straight edge with Kg = 0. 8 and 
n = 0.*014 to-. locate a point .on the pivot line.* Then alig'a the, straighjt edge 
with 'that. point, on *lhe pivot line, and S O'.OOl. Read off V at the intersection 
pf th^t: straight line .and the V scale to find V = 2.4 ft /sec. 

2) What sh6uld be the slope, S, to give' V =3ft/sec., with Rg = 2 ft. an3 

ri 0.1? / _ * , ^. -^m^"^' ' 



Solution^ Using ^afindout No. D.3.2 yields 'S = 0.015. 



4f 
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CWEZy-hANHm WOMOGR/IPH 



3 - 



2 — 




^ 0.2—1 



ft 



f 



h 



n 

OS —t 
0,6 . 

0.3.—. 
0.2 _i 



o.o> 

0.06 - 



•-*o.02 _: 



0.01 3 



e - 



n 



o 
> 



0.01 —I 'f 



0.1 



0.2 



0.4 — 



I 



8 ZZ 
10 — 

40-^ 



a. 



1i 



1- 

*\ 

o 



r~o.ooooa 



=— 0.0003 

- 0.000 *f 

E— 0.0006 
— 0.061 

-O.0Q2 

- 0.003 

- 0.00*f 

0.QO8 
d.Q'i 

~ O.03 

E-^ 0.06 

[0.08 ^ • 

- 6.1 *^ • 

E^b.2' . * 
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y ^ . » MANNING ROUGHNESS COEFFICIE^iTS 

Surface .4 



"^v Closed co-nduitjl flowing partly full: " . - / 

^\ Smooth Srass " ] 0.010 

^Gi^ss' ' ' - ' • ' • * oiOlO 

Clay 4rain tile.-, - 0.013 



* Concrete culvert with benSs and connections ^ . . .0.013 

Unfinished Concrete ^ 0.^14 ' . , - 

Cast^Ir-on ^ 0.0l5 ^ 

Corrugated-metal storm drains ' 0.024 ' ^ k 

Lined or tuilt-up chatine^s: ^ * o , . ^« * 

Smooth tar or paint coating' ' . * O.OlO 

Unpainted steel " , ' 0.012 

Planed wood , 0.«012 



^ ' Unplaned wood ^ ' , .'^ J^-OP. 



Trowel finished concrete v » . , 0.013 

^ Glazed brick - « . . ■ • 0.013 

Rough brick ^ ^ , O.OI6 ^' 

Unfirii'Shed concrete . ^ - • . .0.017 

Excavated Channels; ' ^ ^ ^ " • 

Clean earth (straig^it ,ohannel) ^ 0.022 - 

Earth with weeds ■ (winding channel) mmm^ ' 0.030 

• \ ^- '. 1^ * B-l 

Values* \lere t^kfetr from V;.!*. |Chow, Open Channei Hyjjraulics , >IcGraw-Hill 195'9V 



and A.L. Simon, Practical Hydraulics , Wiley, ^ 1976. 



f 0 . 



HAZEN WILLIAMS COEFFICIENTS ^ - ' ' t • 

Type pf Pipe ' * C ^: 

/ • ; ^ 4 ^ 

' Brass * • v 1^0-140 

Brick ^ewer •. ' . ■ » 100 , 

Cast Iron- ■ ' . 

* I^ew, un^ined . , • - • .130 » 

' * oid, unlined . ' . • 55-120 

Tar coated J * " ■ 115-135 

Concrete or concrete lined ' • . . ' . ' 

Steel form^ > ' , 140 • • 

Wooden forms' , ' / 120 

X ^ Centrifugally spun ^ ./|- ^ ^ ^ ^ ^ 135 • 

, Copper. . ' > -^^ ' 130-140 

Galvanized iron * * . ^120 

' . ' Glass^ ' ' ^ . ^ . . ' . ^ ; 140- / . 

Lead L ' > - • . \ 130-^140* 

Plas^ti* . . . ^ ' ' 140-150 



New, uniined ; ' » ' J-40-150 

Tliveted ^ . , ' • . . 110 



. \ .Steel 
• Ne 

Vitrified clay^ . 'r a . - ' ^ \ 100-140 

Values were taken from A.L.. Simon, Practical Hydraulics , Wiley, 1976 and 
H-li. Itforris and j.M. Wigg^rt, Applied Hydraulic's' in Engineering^ 2nd. Ed.^, 




U Morris and J.n. wiggert. Appiiea nygrauixcs m jpuK-LiieeixMfeo . ^uu. ^ 
Ronald ' Press^ L9 72,/' • D/^ ' • ' * ' "tf 

O ' ^ Hartdout Not ,D^3.3. | 
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PRACTICE PROBLEMS - 9 



1) uniform-^open channel flow, if V=1,0 ft/sec- , S=0.002, and 

%'*2*.3 ft. what is the value of n? ^ • 



2) Water is flowing through a concrete rectangular open channel' 2 ft. wide 
- at a iepth jof 1.8 ft. a) If.t^be slope of the' channel is 0.0016, 

estimate the velocity of flow. b) What is t*he discharge in cfs? 

3) A rock lined channel, rectangular in shape and 6 ft. vide is to c^rry 
40 dfs at a depth of 3 ft. wliat jslope would be required to do this? 

4) 7o;r a concrete rectangular- channel, 2ft. wide, with a slope of^^.OOS, 
what would be the depth of f low or a velocity *6f 3 ft/sec? 



1 



• r . . ■ • • - 
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PRESSURE FLOW PIPES* 

w- For pi^esslire flow in pipes/ th* Chezy-Manning equa.tion* and nomograph 
(discussed pteviously for open channel »f low) cart be used with theJEollowing 
modifications. The hydraulic i^adius becomes equal, to one-fourth 'of the 
diameter and 5 equals the'^head loss per foot of pipe length rather than the 

^ pipe slope, < ^ . . 



An altei:nate'' equation frequently used for pressure flow in pipes is ^ 
the Hazen-Williams formula, 

- " Q= 0.285 C b2-63 5°'^^ . * 

Vhere Q= ^'discharge in gpm 

I>= diameter of pipe in inchest* ' / 

S= head loss per foot of pipe r * , ' 

C= Hazen^Williams coefficient • • , - 

Values of C for vanious pipe:^mat6rials, are given on Handout^ No • D.3*3 jand 
a nomograph ^olut ion or the Hazen ^-Williams equation is given on^Handout No» 
D.4.2 ^ \ ^ ' . 

Examples : ' ^ y - " - " ' . 

1) Wiat -would-be the head loss dite to a flow, of 3500 gpm through 
.200 ft. of 18 inch ^new^ casr' iron pipe? * 

^ 4i - 



Sola\ ion : ' From^ Handotft'^ No / D- ^ ' 3 , C /0. 30 



Using the Hazen -Williams jnomograph vith r * ^ • 

.Q= 3500 gpm, D=18 "inches, .and C= 130^ives S=«0.011 ft/*ft v ; - 

Hi- =o:ou^ft/ft oi*^gf_- = 0.011 f^/f*= 

Hf = (200) (tioil) ft = 2.2 ft ■ . ,f '. 

2) What, flow rate would be caused through 500 ft of steel form cpncr^te 
pipe IQ inthes in* diameter by a head of 10 ft? - 

•■ -■ ■ - ' ' * ■- ^ ■ .' ■ . 

S°olution: 'From Handout No. D.3.3, ,^=140 " ... ^ 

' • . S = =;-. 10 = 0.02* . ■ " '• 

■ .500 ^ 

Uj^ihg .the nomograph with 5 = 0.02, C^.l^O, and I)« =^Pi" gives ^ ' . ^ 

. 0,= iriOOQ gpm ■• • ■ - ' ' • ■ . • , . . 
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H AZEN-W I LU A N1 S: OM^RA PH 
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,i . PRACTICE PrV^LEMS.- 10 



What would be the head Iciss .due, to a flow of 5'OO0'''gpn through 100 ft. 
of 24 inch centrifugally spun' pipe? ' 'i ^ 

. - - . > r ..T 



9 



What will be" the discharge through 200 feet o/. 12 inch riveted steel- 
pipe is a head o£ 5 feet is available to driv^ t^ie flow? 



What diameter 1>rass'* pipe would be required tc carry 200 gpm wi^ a 
head'^loss per foot bf D-.Ol? 



r 
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^•IINOR LOSSE^^ .PIP 



• In addition to the f rictional .head-^^ss due to flow 
through straight lengths of pipe, there ai^^^so head losses'^ 
^di^e to elbows, VaTv^s,. pipe entrances , je±j2.a^_5^h^^SA 'losses are*", 
called" "minor losses" or "loc^l losses". Fox systBnis with 100 
ft. of pipe lengt^l' or* more, ^"^with few fittings, the mihor losses 
are' often negligible, but for shorter lengths of ..pipe the minor 
losses may be a significant ^portion of the total head loss. 
The minor. losses pan be estimated by the following equation: 

Where, hf is ^he' |tead lo^ss across the fitting-in ft, 'V is 
^the average velocity i|n the'^ipe entering the fitting in ft/sec,* 
K is the loss coeffici'erxt for t^ie particular fittihg (values 
are givep on Handout D.5.2), and^ g = 32.2 ft/sec7~ 

^ ^ . ' 4 . " ' ^ < 

Example ; V7hat would tbe^ total of the minor losses in a 
piping 'system con^aini^g 5 standard 90* elbows, 2 half open 
gate valve's, one swingAfcype/check vaive, a perpejidicular , • 

square entrance, arnd an^?<it from the Ripe to' -a larg3 tank. 
The pipe in the s]^teii\ is» 4\inches in diameter and the dis- 
charge is v30|d -gal/mine/ 



Solution: 



Find avelrage 4felocity', 



V = 



^ >(300/4491 cfs 
; 1^(4^2)2 



0.668 cfs - 
0.08^73 sq.ft. 



= 7.65 ft/sec 



i From Handout' D. 5. 2,, the K values are as follov^s; 



■ " ^std. =&0 ilb^w^: 
half open gate^ valve: 
, . check valve : 

^ en^ran,ce;; 
■ < ■ , \ exUts 



Ki = 0.8 
K2 =-5.6 
K3 2.5 
K4, = 0 .5 
K5 = 1.0 



(hf) 



) 



Total '- • 5 (0.8) — •+ '2 (5 



V2 

2g 



(0.5) 



t^f^Total -^f- 1- 5 (0.-5)— f 2 (5.6) 

,.(7.65)2 



(^^f)Total-=,^.-(19:-2) ,.: 



■kl) '(32.2) 




2g 



• 6 ' 



(1 
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r LOSS COEFFICIENTS FOR FITTIUGS 
Type Fitting 



•Globe valve, fully open 
■Angle valve, fully ope-n 
Swing check valve ^ fully open 
Gate valve, fully open 
Gate valve, 3/4 open 
Gate valve, 1/2 open 
Gate vaXve, 1/4 open 
Short-radius 90 eTbow 
Standard-radius 9p elbow 
long-radius 90 elbow 
45 Elb6w ' y 
Closed return bend 
Tee,; through si^e outlet 
Tee, straight run 
Coupling W 
, Sharp-edged inlet ^ 
Rounded inlet . • 
Inlet with pipe projecting in 
Exit loss • • 



Sudden Enlargemeat ^ - k & 



Gradual Reduction 



1 



10.0 

5.0 

2.5 ■ 

0.-2 ^ 

1.0 

5.6 
24.0 

0.9 

0.8 
'0..6 * 

0.4 

2.2 

1.8 • 

0.3 

0.3 

0.5 ^ 
-0i05 

1.0 . 



(1 - ^(d/;D)^ ) ^ 



0.05 



These- K values are for use in the; following equation: 

V2 



He^d loss through fitting .-. Kt, (. 



) 



2g 



Where V = veloQ-Lty ..in the pipe approaching tl^e fitting. 



r 
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PRACTICE PROBLEMS - 11 



1) What would -be 'the total minor losses diae to fittings ir^|^ 
piping system containing-* a fully open globe' valve, a fully 
open swing check valver 3 long-radius 90* elbows,* a p'ro- 
' jecting. entrance, and*.an exit into a reservoir? The pippin V: 
system is. 6 inches in ^diameter, and the discharge is 0.8 ^MGD^ 



.2) What. would be tRe total frictiopal head Iqss/ due to 
/J straight pipe and 'fitting^s, for a system made up of 100. ft. 
o?f 4 inch diameter pipe, a siiddeji enlargement to 6 inch^ pipe, 
200 ft; of 6 inch i^lpe, and" swing checfk valve? The entrance 
is a sharp-edged. inlet and the* flow rate is 300 gal/min. 
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^ ^ \ ' FRICTiaiAL PRESSURE LOSS 

The discussion up* to now hcis centered on frictional 
head loss* For pressure flow through a horizotital pipe the- 
frictional head loss will actually be a pressure loss. 



Another^ way of stating, this Is that the pressure always 
decreases in the direction of f-low for a horizontal pipe, . or 

• the flow is always, f-rom a higher to a lower pressure. (Jn 
uniform open channel flow, for comparison, flow is always 
from a higher to a lower height) . ^ , 

♦ 

. The frictional pressure loss and frictional head loss 

* are related as follows: 



A Pf 



4 ' • Where Y' is the specific weigh^^ of water/ 62.4 lb/ft'', 

/ A Pf is the frictional pressure loss in psf, and hf is the^ 

^ ^\ frictional head loss in ft. ' ./ 

» 

"T Examples ; ' < , • 

M * ^ 1) For certain ^ec^tion' of pipe 'tihe fractional bead lcOS3 ' 

^ is 30 ft. ♦ If water is disCrhargiiig into the atmosphere at 

one end, what is the pressure in psi at the other end of the 

section? ' . ' , • ' 

• ' * 

Solution: " ' 



\ - 
4 



>f =. Y hf = (62.4 lb/ft3) (30 ft) =v L872 pSf- . 
m ' 'Convert to psi: APf = 13 7*2 pgj^ :^***13 ps*i 

' ' • \ This is the pressure 'loss ^long .the section, of pipe/ If 
- it is discharging against atmospheric pressure, then •^e pres-- 
sura* at the upstream poin£ must be 13 psig or 27.7 psia^ . . 

• • * ^ « • « 

; * 2) , What head loss in feet corresponds to a. pressure' 

. ^ -loss, of 20' psi? • ^ • . . ; . . 

Solution: yT . ' . 



APf = 20 psi = 20 X 144 psf = 2880C psf 
Y 



, ■ APf % . 28"80 , 
h^' = ■ = ^7 — ft = 46,. ft 



•bk |. HandoiSit No. D.6.1 
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PRACTICE PROBLEMS - 12 



1) In the example on. handout D.5.1/ a head loss of 17r4 -ft^ 
was found due to minor losses in fittings • What Would be'^the 
pressure loss due to. the fittings? 



2) If the pressure loss through a^iping sj^^stem is measuared 
to be 17.5 psi what is the head Joss through the system in 
feet? ^ * ! / ' . ' 
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; . . WATER DISTRIBUTION. SYSTEMS • • * " ^ . 

The methods of . calculations consider^d^n the last three' sections can 
be used to analya^e flow through piping systems as follows. . " . 

EyapipJ.e ;" Water, is' to flow Sfi a rate of 300 gpm through a section of a piping - 

system consisting df'220 ft of 4 inch "diameter pipe, 5, standard 90^1^ . 

elb ov^^ and 2 hal^ jop^ n gate valves. *If the water exits' t?he sectionl^^/" 

7* to atmospheric pre§i*u^e, whait must tKe ga^e pressure -be'.at the ^ |: , 
. / entrance to the se<ltion? ' ^ \\ 



Solution ; If the. sect ion exi-^s to atmosphe.ric pressure, then th6 gage 
p^-ess^re at the ent^rance to the section must be^equal to the 
frictional pressure loss through the section of piping. 



' ' AP^ = Yh£ = Y(hj ->:St. pipe H: h£J - minor losses) j * • ^| - 

i) Find hf - st. |ipe:r~ . ' . ^ ' * /| 

Using the Hazen-rWilliams nofaograph with Q r 300 gpm, D = 4 inches. 



& C = 120 give 



^ S - 0.«47 - il , ■. . 



hf - St. pipe \ 0.047L = 0.047 x 200 ft = 10.3^ft 



ii) Find hf - minoj losses: , ' - | ^ 



A,. ^ _A|2ft2 

? 

K values are as follows; 

Standard 9of; elbows ; \ - = 0.8 ' 
half open gaste valve 
exit 




(7.6532 
2^32.2) 



ft 



iii) Calcula^-e APf • ~| 



APf = 62.-4(10.3:-f K.7) psf = 1560 psf « 
Required gage pr.essSre = | 1560 psfg • • 



1560 psig « 10,8 psig \ 
« • ; - ^ ' s # . 




4 
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PRACTICE. PROBLEMS 13 



V 



1)^ Water flows througb- a 'steel piping system at 400 gpm. 
The system consists of 110 ft« of horizontal - straight 4 inch 
pipe, a sudden enlargement from 4 to 5 inches, 220 ft« of 
horizo ntal 5 inch pipe, ,^nd _a 90* long" r adius e lfeow/ A pres 
suire gage at the system inlet shows a pressure of~T0'0 psig. 
^What would be the pressure reading, at a gage located in 'the 
5 inch pipe at the system outlet? 



2) a) What pressure would be required .at point A in order to 
give a pressure of 30^ psig at point D? / 

b)What would be the pressure at point B?* ^ • 



40D0 ft 



1800 ft 



•2000. ft, 



24 inch 



2000. gpm 



B . 14 inch C 

: 



12 inch ^ D. 



^' -.aOO'O.gpm* , 8A0 gpm 
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> . VELOCITIES IN SEWERS ; • . 

There are. several gen'eral requirentents ^for flow in' ,0,. ' 
s^ewers which relate 1:o velocity. in the sewers and size of the 
-s ewer s^as--f 'oil ows^* : — - — ~ — 

1) Tjie sewer must convey the. required flow rate while 
flowing partially full or barely full. ) ^ j 

.•2) .The velocity must be. jreat enough to prevent deposi- 
tion of entrained solids along the bottom of the sewer. 

3) The velocity .must not -be so gr^at as to cause 'erosion 
of the channel' surface. " * ^ 

Typically this is accomplished by designing' sewers for 
velocity be^tw^en 2 ft/sec as a miniiuum t.o 10 ft/sec as a . 
maximum at either half or full ^f low. 

' ^ • - • / V' . 

s Sewers are typically designee^ for different depths^ of 

flow as foXlows. - . < / ' * / 

• 10 Sanitary wastewater 

/ ' . • * ^ 

a) ' diameter less than 24 inclies - to flow le^s than • 

half fiill. ' - ' . ^ * 

b) diameter greater tViaix 24 inches - designed to 
flow le^s than 0.7 full. ^ 

2) Storr^^ater, - designed- to .run full with velocity 
between 2 ft/sec and 10 ft/sec. . 

The sewer .-diameter, sewer suifface roughness, velocity of 
flow, and slope of 'sQwer are all related to eacJi other as 
previously disci^ssed in connection with the Chezy-Manning 
equation.- and the Hazen-Williams equati<W. Thus in order to 
m^et the requirements ' listed above, the^lope and roughness 
of the sewer must be ^considered together with the velocity 
and diameter of the sewer. ^ ^ * ^ 
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FLOW IN. FILLED SEWfiRS 



For flow in filled sewers, the velocity or discharge can ,be related ta .the 
slope, diameter, -and, roughness of the sewer by the Chezy-Manning equation or the 
Hazen-WilLiams equation as discussed earlier. ^ * " ^ • ♦ 

The Chezy-Manning equatipn or nomograph can be used for calculation *of 
V,' S, or D if 'given values of the other two and a value for the roughness 
co€Lf f icient . . * . 

There* are .several possibilities for the calculation of Q, S, or D if given 
values for the other two and a v$l\ie for the roughness coefficient. 

ly^lJse the Chezy-Manning nomograph y^n Handout Nb. D.3,. 2 togethej: with the 

relation Q = VA. ' \ • 
2) Us^ t!he Hazen-Williams nomograph on Handout^ Nb. D.4.2 
^ 3> Use the graph on Handout No. E.2.2 which relates Q, S, & D for n =0.013 
It ^ (The value n = 0.013 is commonly used for sanitary sewers see 
Handout No,^ D.3.3^, 

Example : What would be the velocity and discharge through an 18 inch diameter 
s^er with a 'slope of 0.002 if it i3 flowing full and is. made of 
vitrified C'lay? 

Solution : From Handout No. D.3.3 n = 0.013, C = 100 

Calculate a^rea of flow: \ (1*5)^ = ^ 77 f^2 ^ 

^ " 4 ^ ^ . . - 

i) Using the Hazen-Wiliiams nomograph with S = 0.002, C = 100, and D = 18" . 

• gives Q = 1^50 gpm . • • ^ - ' , 
^ . _Q_ (1950/449) cfs / * 

V = 'A = ' 1.77- ft^' = 2. '5 ft /sec * * ' 

^ • I 1^ 

[ ±±) Using the Chezy-Mannitjg nomograph with R = 4 £t - 0.375 ft, n = 0.013, 
and S 0.002 gives' V = 2.6 ft/sec . . 

. 5\ ' ^ ^ 

^ , Q = VA = (2. 6) (1.77) cfs.= (2.6) (1.''77) - (449) gpm = 2066 gprn" : 

iii) Using the graph on Handout E-.2:2 with S = 0.002 and D = 1'8" gives 
Q = 3.'0 %GB = 3.0 X 694 gpm^= 2082 gpm '>./ ^ 
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PIPE DlSCMRGE,' FLOWl^&' FULL " 




D 



c 
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PRACTICE. PROBLEMS - W 



What would be the«vSlocity and discharge. tTirough a 2A inch diameter a^wer 
of vitrified clay with a slope of 0^.001 if it is f lowing , full?- 



2) What diameter verified clay pipe would be 'required .to carry 4000 gpm 
along a slope^of '0.006 with the pipe flowing full? 

• * ; ■ ■ A ■ ■ . . 

3) What slope would be-'^equired to carry 800V gpm /throVigh a 36 inch diameter 



sewer flowing fulU ii^n = 0.013 and C = 100? 



1 



7 



1 ■ 
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-^v^ ^ FI^OW^lilPA^TIALLY FILLED SEWERSJ * • : 

The , velocity van<} discltarge in a partially filled sewer can be estimated 'by 
finest calculating V^^and ,\ the v^ocity $nd discharge^if it wfere ?lowlng full, 
and then using a table or graph relating^,.^ . and-^ to . . . 



f . - - ^ ' , 



whete d = depth of ' f low^'in sewer . . ' . 

D = diameter of sewer ' - - > * * # 

V = velocity in f>artially f ull seweV . ' - - ----- . 

*iQ^ = disoljiarge through partially full^s^-er , • ^ ' \ ' 

ExaAfil ^ e ; On Handout N». •E/Z.l the velocity an^ discharge wetjs calculated for 
an 48 incH vitrified clay sewer with a slope of 0.^02 if it were f loving full, ^ 
What would be^ the velocity and discharge if'tlie seWer were only flowing 12 ^nd 1/2 
inches deep? ' ' • , \ a . * • 

Solution? . . . ' , ^ 

* -From the previous calculations = ,2000gpm and 2.5 ft/sec 

' — ' ' ' 12.5 

From the 'grap3|^ on Hapdout.No. E.3,2 with- d/D = .""fs^ = 0.7, ^ 



^ = 6'.95 ='0.71 thus, V= 6.95 x 2,5 ft/sec = l^:k ft/sec 
. 0^= 0.71 x'2000gpm = 1420 gpm \ 



•The curves given oii Handout No.^E.3.2 do take into account the fact that 
the roughness factor, "n, changes if the sewer is not flowing full, 

^^ote that the Vel^ity ,remains within 10% of. the full sewer velocity as 
long as;d/D is greater than 0.63, In fact, if the velocity wilj^ be great * 
enough for self -cleansing if the full sewer velocity, is adequate, because the/* • 
required self-cleansing velocity i&/less df the sewer "Is flowing less than full, / 



4- 
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■ , ■•DI'S charge:-. I VELOCITY: IM 

■ - ' P/4RTlAL[Y-riLiED SEVJCRS ' 



O 

o 



0.^ 



O 
o 



0.7 «;r*Trrrrr 



> * , . r t . , , 

I ' *''*[< 
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•PRACTICE PROBLEMS - 15 



1) What would be" the velocity and discharge through a 24 inch diameter sewer 
of Vitrified clay witH a slope of 0.001,' if it is flowing 0.6 'full? 
(see problem 1 on Handout E.2.3)^"< " 



2) What slope' wo\^ld be^^uired to .carry 8000- gpm through a .36 inch dimeter 
, ^ sewer flowing 0^7 fullj- if n D.013 and C = 100?"* ^ » 

(^int: Use d/D = 0.7 to find Q/Qf and then find using Q = 8000 gprn.- 
\ Then Aise ^Qf' to find 'the, required diameter^ the full sewer method discussed 
previous ly\. J , - » ' ^ 
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